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AID ON AN OuTDoOR CATAPITLT 

By &or@ A .  Zamie and Edward I;. EoffmEwn 

. . . . . . . . .  . .  
Tests wfth a dynSmicCLly similar model of the &&A-26 airplane 

were. *de' t o  .deternine t he  best to the  arrplasle c a ~  
. a . n d ' r o u g h  water Eina to determine its probable ditching performance. 

carriage and in  calm and rough wa';er from an outdoor catapult. The 
behavior of the m o d e l  was determined by making vfeual observations, 
by recording lon@tu,dinal decelerations, and by taking motion 
pictures of the landings. 

. The m o d e l .  Vas 'ditched in calm water from the tanlc no. 2 towing 

. . . . . .  . .  
The following  conclusions =re reached Pram' t h e .  results of 

the teete: 

2. The airplane Bhould be ditched at a8 light a weight as 
possible. 
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IIMTRODUCTION 

Tests were- conducted i n  calm water i n  L w e g  tank  no. 2 and 
in calm and rough water at an outdoor catapult in order t o  determine 
the 108% w a y  t o  make a forced landing of an Army A-26 airplane and 
t o  deternine i t s  pro'bable ditching behavior. These t e s t s  were 
requested by the Air Materfel Colllmand,- Army Air Forces, i n  their 
l e t t e r  of March 26, 1943, wEz:AW: 50. 

PROCEDURE 

Description of the Model 

The model wed in the t e s t s  was R E - s c a l e  model of the 1 

A-26 airplane. Photographs 0% the model are shown in figures 1 
to 3 .  The wing span was 70 .O imhes and the length of the 
fuselage w a ~  49.9 inches. The c o n s t m t f o n  of' the model was 
similar to  that   described in  reference 1. 

The flaps were attached t o  the wing with aluminum brackets 
as shown in ffgure 4 e i3y adjusting, the f r i c t ion  of the brackete, 
the flaps were.made t o  fa i l  at  scale strength. 

To st  Methode and Equipment 

The apparatus a d  test procedure used w e r e .  sFmilar to that 
described fn reference 1, 

T e s t  Conditions ' 

(All values given ref er to  the full-scale airplane 1 
Gross weight.- The model was tested a t  weights  corresponding 

t o  25,730 pound6 (normal gross weight) and 30,994 pounds (maximum 
gross weight) . 

. Location of center of gravity.- The center of gravity was 
located at 28.4 percent of the man aerodynamic chord and 5.1 inches 
above. the t h u s  t lim . 

Attitude of  thrust 112.- The att i tudee at which the model 
was ditched w z G -  stall at t i tude) ,  8O (normal landing 
a t t i tub) ,  and 3' (3-wheel..attitude) .. The at t i tude angle wag 
measured between the thruet line and the water surface. 

- .  

.. 
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. Landing mar. - The made1 was ditched with the landing gear in 
the retracted  position. 

Flap settjna;. - Tests were mde with flappe a t  Oo, 2S0, and 5 5 O .  
Information obtained fram the Dou@as A f r c r a f t  Com_oasy inaicated 
that the inboard f l a p s  will fa i l  at a load of 197 pounds per q u a r e  
foot Ehnd the outboard f laps  will fail a t  a load of 191 pounds per 
square foo t .  

LandinR speed. - In these tests, the speeds a t  which the model 
was released were determined by the a - e d  necessary for the model 
to be airborne. Since the model did not have the t310tbd flag 
khat i e  on the f'ull-scale airpleae, the landing epeede in the first 
t e s t s  fmro found to be excessive when the flaps were deflected. 
Same tank tests a t  normal gross wi&t were repeated with t he  gap 
between the wing asd the deflected f lap sealed EO that the landing 
speeds were kept xit;hFn 210 milea per hour (full  scala) of' the 
landing speeds  calculated from power-off l i f t  curves obtained 
from,reference 2. The purpose of repeating this   port ion of the 
tests was to investigate the effect of landing speds on the 
dftching characteristics. The landing epeede ueed are l i s t e d  in 
tables I through 111. 

Conditions of s e t e d  danaapp.- Dame was simulated by 
removing various prts  of the model. These parte have been assigned 
nwlbers a8 shown in figure 2 and as'listed below. 

Nmber of part 

I 
2 
3 

' 4  
5 
6 
7 

. 8  

-T 
ITazne of par t  1 

t 
All-purpse nose door 
Nose-wheel  doors . 
Bomb -bay doors 

, Lower-turret service door 
Main landAng gear doors 
Aft end of nacelles 
Undersurface of fueelage f r o m  s b t f o n  315 
.. (aft end 01" bomb bqy)  to lower t u r r e t  
Lower , w e t  . . 

. .  . .  . .  , 

I 

I 
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Ditching aid. - The all-purpose nose door was braced open t o  
form a hydroflap a t  30° t o  the thruet line. 

-.. Conditions of seaway.-.The model was ditched in three conditione 
of seaway. 

. I  

(a) Calm water. 

(b) Wave crests  parallel to the flight path,  height approxjmately 
2 t o  3 feet, length .approximately 40 t o  60 feet. 

. (c} Wave crests perpendicular to the flight path, height 
approximately 2 t o  6 feet ,  length Etgproxinately 40 
to 120 f ee t .  

RESULTS AM3 DISmSIOM 

The s y n b o l ~  used in defining  the ditching behavior of the 
model are aa follows: 

b 

dl 

d2 

h 

P 

8 

deep run - near the end of ,the run the model submerges 
p a r t i a l l y ,  exhibiting a tendency t o  dim, &lthou& the 
attitude of the mode1 is  nearly level 

violent dive - a dive in  which the win@ are submrged and 
the angle between the  water surfaoe and. the 
Itkmst line is mOm kkan 300 

slight dive - a dive i n  which. the win@ are not submerged 
oompletaly and. the angle between the water surface and 
the fuselage thrust l ine i s  leas than 30° 

-00th run - a run i n  which there is no apparent  oscillation 
about any axis and during which Ohe model settles fnto 

. the water as the forward velocity  decreases 

porpolsing - an undulating motion about .the- transverse axis 
in which some part  of the model f a  always i n  contact with 
the w a t e r  surface 

. .  . .  

skipping - an undulating motion about the traslsveree axis in  
which the model clears the water surface c o q l e t e l y  - in 
greater damage wouid probably occur .  

. e;eWral,. khe motfon fs more severe than porpoising and. 
. .  ! .  

I 



. .  , .  
' ."  . , .  . .  

DACA RM No. ~ 7 8 2 8  5 
.. 

, t sharp turn - a violent angular motion &out a. ver t ica l  axis, 
generally ca.used by one nacelle digging into the water 

Diaring,was prevalent throughout the t e s t s ,  on t h i s  madel, 
Occasionally  ditchings w i t h  favorable  charaoteriatics were obtained 
a t  some conditions of'daslage, but  since  the attitudes and f lap  
deflections a t  which theee runs occurred were not consistent, 
these  favorable  characteristi'cs  could not be assured. in full- 
scale ditchings. Homver, by using the all-purpose no88 door as 
a hydroflap the  diving m e  e1fmlna';ed. 

When the model t3.i-d the mfmwl deceleration ranged from 
2.2g to 7-98. When the mbdel 8fd not dLve the nmximum deceleration 
ranged from 1.6g f o r  a wnooth run to 6 .og for a sharp turn. .. .. . . 

Photographs shawfng the characterist ic behavior are s h m  in 
figure 5 .  Figure 6 gives ty-pical tfme histories of longitudfnal 
decelerations. 

. .  . 

Effect of Attitude 
. . . .  

, .. > 

. . .  . .  ' Effect of Flaps.. . .  . .  
. .  . . .  

, .  . . .  
, ' B.f lec t ion  of ' . the fl&ps', 'a_ld:not ha&. a noticeable detrbktgtal 

e f fec t :  on the ditching p e r f o e e  . When the .model. was ditched 
w i t h  the f laps  .deflected, &$%a3 o r  ccmqlets failure usually 
occurred. When; at t -s ,  ' the f laps did not fail, the dl tching 
performance did not '  appear a n y '  m e  violent. . . 

, . .  . .  

Since  the flaps did n o t  I&& a detrl&ntal  effect  on the 
. . .  

ditching performance, . ' I C  liould be advantqpous t o  w e  full flap 
deflection of 55O in order t o  obtain slowar landing speebs. 

I 

I 

I 
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Effect of Weight 

NACA RM NO. ~ 7 ~ 2 8  

Diving  diJ. not  occur a8 frequently, but sharp turns occurred 
mre f r e q b n t l y  when the 'weight was increased. (See table 11. ) 
When the  hydroflap waa used, increasiw the weight did not change 
the. type of ditching run, but from a study of the motion picture8 
the por-poising  appeared much more violent.  Longitudinal  decelera- 
tiona did not vary with any consistency as the weight wa8 varied. 
(%e table 11. ) 

The airplane should therefore be ditched a t  as light'a weight 
as possible. 

Effect of a Wing-Low Landing 

' If the model was ditched  with one wing lower than the other, 
even though the difference wad small, a sharp tun reeu lhd .  These 
turns w e r e  caused by the nacelle on the low side digging Into  the 
water. (See f'ig. 5(c) .) Longitudinal  docelerationa a8 high a8 
6.,0g were 0bta-d in these turns. (See tables I and I1 and f i g .  6.) 

' Ditchings ehould be mads w i t h  the wings ae l a te ra l ly  level a8 
posefble t o  avoid. Sharp -turns. 

' Effect of Simulated Damage 

In  general, the ditching behavior was vfolen'c o r   k t i s f a c t o r y  
(without  hydroflap) regardless of tho condition of damage'. (See 
table I.) Favorable ditching characterfstlcs  could  not be assured 
a t  asly particular  condition, even though favoratle  characterist ics 
were obtained. a t  80m scattered  points. 

Effect of Hydrof lap  , . .  

By bracing the  all-purpose nom door open a t  an angle of 30° 
with the thrust line 80 that it acted a8 a hydroflag, all diving 
was eliminated. The d.eceleratfons,liated i n  tables I1 and 111 
give a ais tor tea  v i e w  of the' va1ue" of a mwoflap since o w  
maxl?mxti va lue6  axe given. ' In.'ditchinga w i t h  a hydroflap, these 
ntaximum values are cawed by the initial imgact of the Landing, 
but  the  deceleration has such a short  duration that i ts  importmce 
i 8  less. than the  tables imply. This inltial peak deceleration is 
also obtained in  ditchings wi thout  a hydroflap,  but is followed 
by an emn h i a e r  peak whose duration is much Longer. The typical 
time-history records (fig. 6) give a clearer picture of these 

I 
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decelerations,  but stfll do not show the e n t i r e  v a k e  of a hydroflap 
because the records obtained f i t h o u t  a hydroflap we* made into a 
headwfnd that ga,ve a wound speed of 78 miles . p e r  hour while the 
records  with a hydroflrap were with a sound  speed of '93 miles 
per hour. It was found that landing i n t o  the headwind decreased 
the i n i t i a l  peak deceleration  about lg, BO in order to mab a 
more d i rec t  comparison between the  tlme-history  records it may be 
assumed that the peak values obtained without a hydroflag should 
be increased approximately lg. 

Effect of Ianding Speed . .  . .  

The resu l t s  of the tank t e s t s  (with the. @,p .between: the wing 
and the deflected f l a p  sealed) tha t  were repoated &e. &melstlgate 
the e f fec t  of landing  speeds on ditching  char8cterigtLc.s. are 
presented in table 11. A camparison of longitudinal  decelerations 
was not made, but the slower 1anding.speede sve.. shorter. landing 
rum.. The t n e  of ditching  beh8vior did not m y .  T h e s e .  results 
are in agreement with information obtained from reference 3 .  

. . I .  
.. . . .   . .  . .. 

. .. . .  . .. 
Effect of W i n d  and Seamy .'. 

For the rough-water landings- ,at i the catapult, , mi3 mV8 he fat 
o%tained f o r  a given wind velocitx i a  smaller than che..wave height 
obtained in the open 8ea for the same wind velocity. The wave 
heights are comequently lower than they should be t o  ,corX%spolld 
to the ground speeds at which the model lands- . .  

When th ie  model me ditched  either ,parallel or perpendiculm 
t o  the creets  of waves Loss than 2 f e e t  hi& the ditching behavior 
waa not changed by the wave 8 .  landing parallel to the  crea t s  of 
higher waves often result& in ~ ~ 1 1 8  in which a nacelle dug in the 
crest of a wave and caused an extren;ely Biolent turn. In the 
landings without a hydroflap that were =de perpendicular t o  high 
wavea, deep rws and slight dives were obtained instead of the 
vialent dives tha t  were obtained from M d f n g a  prpendicubr t o  
small waves. 

Stace there was little dflference in behavior regardless of ' 

the direction of landing when thi8 airplane was ditched i n  a n a l l  
waves ,- and since the behavior wa8 improved by landing perpendicukc 
to  the .wave8 when ditched in  lare waves; this airplane should 
always be ditched  perpndicular to the waves. These msnltsiare 
contrary to  thoee  obtained for m e t  other  ditch- 'models w b r e  
it has beon found best  to land parallel t o  the crests  except 
when high winds exist. . 9 .  . . '  

i 

I 

I 

I 
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If poesible, contact  should be made near the  crest of the mve 
j u s t  after the crset  has bee,n paased, i n  order to decrease the 
impact loads 836 t o  prevent the tail from being thrown into the alr, 
thus  causing the sirplane to make contact aejaFn at a negative 
a t t i tude .  

From the results of the t e s t s  w i t h  the  --scale model, the I 
12 

following conclueion8 were reached: 

1 The afrplane should be ditched a t  a n o m 1  landing a t t i tude  
(thruet line a t  8') , - w i t h  the flaps fully deflected and the wings 
laterally level. 

2. The airplane should be ditched at  as light a weight a8 
possible . 

3 .  Ditchings in waves should be made perpendicular t o  the 
waves attemptfag to mk?3 contact new the c re s t   j u s t  after the 
c res t  M e  been paseed. 

4. Violelit dives will probably occur in  calm and rough w a t e r ,  
except when ditching acrom high waves. 

I 

5 -  A Wbof lap  installation w i l l  reduce decelerations and 
prevent  diving. 

. Langley Memorial Aeronautical Laboratory . 

Laslgley Ffeld, Va. 
Mational Advisory Committee for Aeronautics ,_ 
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(a) Side view. 

Figure 1.- Photograph of a --scale ditching model of the Army A-26 airplane. 1 
12 
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(b) Front dew. 

Figure 1.- Continued. 
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(c) 'l'hreequarter dew. 

Figure 1.- Concluded. 
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Figure 2.- Ditching model showing  sections removed to simulate the 
various conditions of damage. 
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1.- 
2. - 
3.- 
4 . -  
5 . -  
6.- 
7 . -  
8.- 

List o f  P a r t s  

A l l -pu rpose   nose  d o o r .  
Nose-wheel d o o r s .  
Bomb-bay d o o r s  
Lower  t u r r e t - s e r v i c e   d o o r .  
Main l a n d i n g - g e a r  d o o r s .  
Aft   end o f  n a c e l l e s .  
Undersur face  o f  f u s e l a g e  f r o m  St&. 315 ( a f t  end o f  bomb- 

Lower t u r r e t .  
b a y )  to lower t u r r e t .  
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Fig. 2 

Figure 2. - Ditching model showing sections removed t o  simulate the 
various conditions of damage. 
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List o f  Parte 

1 . -  
2 . -  
3 . -  
4 . -  
5 . -  
6.- 
I . -  

A l l - p u r p o s e  nose d o o r .  
Nose-wheel  doors. 
Bomb-bay d o o r s  . 
Lower t u r r e t - s e r v i c e  door .  
Main l a n d i n g - g e a r   d o o r s .  
A f t  end o f  nace l les .  
U n d e r s u r f a c e  o f  fuselage from S t a .  315 ( a f t  end  o f  bomb- 

Lower turret .  
b a y )  to l o w e r  turret .  
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Figure 3.- Ditching model with probable condition of damage simulated and with 
all-purpose nose door braced opened to form a hydroflap. 
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Flap a t  f u l l  down posit ion g !  

b 
:k N u t  + B o l t  t o  ad. jd fkidian 
L 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTIC$ 



(a) Typical violent dive; ground speed, 78 mph; oncoming waves 2 feet high. 

Figure 5.- Photographs at 0.433 second time h t e r v a l  of A-26 model  ditching. Attitude of 
thrust line, 8O; flap  deflection, 56O; normal gross weight. 
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(a) Typical porpoising run obtained with hydroflap; ground speed, IIX) mph; calm water. 

Figure 6.- Continued. 
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(c) Sharp turn caused by whg-low landing, ground speed, 78 mph; oncoming waves 
2 feet high. 

Figure 5.- Co~~Allded. 
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